Abstract-Soft tissue sarcomas which are serious hazard to human are aggressive and difficult to control. Traditional ways of treatment can bring great pain to the patients. Radiofrequency(RF) ablation has become a feasible and minimally invasive treatment for soft tissue sarcomas. However, there are few literatures to study the energy and temperature distributions in the sarcomas. In this paper, sarcomas simulation model was established based on the prototype of gastrointestinal stromal sarcoma. Parameters of electric and thermal properties of the sarcomas were set appropriately by considering its thermal sensitivity. Temperature of 323.15K is chosen as a border edge to evaluate the efficacy of RF ablatio. Results indicate that the maximum temperature point occurs at the apex of RF probe. Growth of temperature at the probe apex decreases with the increment of ablation time. In addition, a local maximum temperature point is presented at the interface of the sarcoma and muscle tissue, which is meaningful for RF ablation to keep the normal tissue undamaged. Effects of electrode insertion depth on the RF ablation were studied in this paper. Results indicate that area of tumor cell necrosis is expanded gradually with the increase of insertion depth and RF power radiated. However, the temperature of the apex of probe drops with the increasing of the depth inserted. As a result, probe insertion depth and RF ablation power must be cooperated to achieve desired RF ablation effect.
I. INTRODUCTION
Soft tissue sarcomas, with the gradually increasing incidence, are serious hazard to human health and life [1] , [2] . In the United States, estimated new cases and deaths from soft tissue sarcomas in 2013 are 11410 and 4390, respectively. The reported international incidence rates range from 1.8 to 5 per 100,000 per year [3] . Soft tissue sarcomas are malignant tumors which originate from the cells that make up soft tissues, including fat, muscle, blood vessels, tendons and ligaments, nerves and synovial tissues [4] . There are many different types of soft tissue sarcomas, such as fibrosarcomas, leiomyosarcomas, liposarcomas, synovial sarcomas, angiosarcomas, malignant peripheral nerve sheath tumors (MPNSTs), gastrointestinal stromal sarcoma (GIST), etc. as shown in Fig.1 , need to be diagnosed and treated appropriately [5] . Currently, surgery, radiotherapy, chemotherapy and biological therapy are the main conservative treatments for most types of soft tissue sarcomas with the chief drawback of bringing great pain to the patients [6] . Alternatively, radiofrequency(RF) ablation is a minimally-invasive and precise mortality to obliterate soft tissue tumors while minimizing damage to surrounding tissue [7] . RF ablation is performed by passing radiofrequency current generated by RF generator to the needle electrode which is inserted into the center of the tumor [6] . The tumor cells near the needle tip can be killed by the high level of heat without any side effect on the normal tissue, which is because tumor cells are more sensitive to high temperature than normal tissue cells. Thus, RF ablation is ideal for nonsurgical candidates and is an effective way of treatment for small medium-sized tumors [8] .
The success of RF ablation procedure depends on the distributions of RF energy and temperature in the tumor tissue to a great extent. As a result, it is significant to acquire distribution information of temperature in the sarcomas to achieve desired ablation result. Extensive researches have been conducted on RF liver ablation while few literatures on soft tissue sarcomas. In order to enhance the efficacy of RF ablation for palliation of soft tissue sarcomas, this paper use finite element analysis of computational models for RF ablation to study the temperature and heat transfer profiles surrounding the ablation electrode.
For the rest of the paper, Section II describes the proposed simulation modeling, theoretical framework and parameters selecting. Section III illustrates and analyzes the simulation results, which is followed by conclusion drawn in Section IV.
II. SIMULATION SYSTEM SETUP
To achieve the distributions of temperature and energy in the soft tissue sarcomas, simulation model is built up in this section.
A. Simulation Modeling
The RF ablation simulation model based on the prototype of gastrointestinal stromal sarcoma is established as shown in Fig. 2 . The model consists of RF probe used to apply alternating current into the sarcoma, soft tissue sarcoma with a radius of 2.5cm and muscle tissue representing healthy tissue with length and width of 16cm and height of 8cm. The size of the sarcoma is 5cm. The RF electrode is located in the center of the sarcoma. The physical dimension of the RF ablation probe is described in Fig. 3 . Conducting tip, made of stainless steel materials, is connecting with the cable directly used for conductivity. The length and diameter of the tip are 2.0cm and 0.2cm, respectively [9] . In addition, RF probe has an insulated shaft and a handle. During the process of the simulation, the undersurface of the muscle tissue is considered as ground, which is consistent with the clinical circumstance of the patient skin as an electrical ground return. As a result, the energy is focused near the conducting tip of the RF ablation probe due to the small area of tip connected with the muscle tissue [10] .
B. Theoretical Framework
RF ablation, performed by converting electric energy into thermal energy, destroys tumor tissue to achieve treatment [11] . The medical procedure can be explained by Maxwell equation and Pennus Bio-Heat Transfer equation. As shown in equation (1), alternating electric field − → E is generated in the tissue when alternating electric potential − → V is applied on the RF probe. Current density − → J will be produced due to the conductivity of human tissue. The magnitude of − → J is controlled by electrical conductivity and relative permittivity of the human body tissues. Q j generated by electric field can be calculated based on − → J .
− →
Heat transfer in tissue can be illustrated by Pennus BioHeat Transfer equation [9] .
where ρ is the density (kg/m 3 ), C p is the heat capacity (J/kg · K), k is the thermal conductivity (W/K · m), Q is energy generated by electric field (J). Q bio is energy from physiological activities (J), which includes heat sink strength by blood perfusion and metabolic processes production. ρ b is the density of blood (kg/m 3 ), C b is the heat capacity of blood (J/kg ·K), ω b is the blood perfusion coefficient(m/s), T b is the ambient temperature(K). Q met is the energy produced by metabolic processes (J). In this paper, we assumed Q met as zero because it is quite small.
Electric and thermal properties of the insulated shaft can be interpreted by electrical and thermal insulation equations, shown in equation (6-7). In fact, the electrical conductivity of the insulation shaft is set as 1.0 × 10 −5 in this paper to close to the actual.
C. Parameters Selecting RF ablation, based on heat generated from high frequency alternating current, generally operates in the range of 460kHz to 550 kHz [12] . Recent studies on RF ablation are focused in the range of 460-480kHz [13] . This paper set the RF ablation frequency as 480kHz while the voltage of RF ablation is ranged from 30V to 100V, with a step of 10V. During the process, the initial temperature of the tissue is 37
• C. Electrical and Thermal Properties of the tissue and probe are illustrated in the Table I . Different from previous studies, this paper has considered the electrical and thermal characteristics of the sarcoma. Electrical properties of the muscle and blood at 480kHz can be acquired from Gabriel [14] and thermal properties parameters are came from the study of Duck [15] . Perfusion coefficient of the blood is referred from that of Chang [9] . Thermal conductivity of the sarcoma is acquired from Chato [16] . Electrical conductivity is taken average from the study of Ahmed [17] . The properties of probe conducting tip and insulated shaft are referred to that of Liu [18] .
III. SIMULATION RESULT ANALYSIS
Depth of RF electrode inserted into tissue has a great impact on the necrosis area of the soft tissue. In order to research the effects of insertion depth on RF ablation, three simulation experiments were carried out in this paper. The depths of the experiments are 1.5cm, 2.0cm and 2.5cm, respectively. The root-mean-square(RMS) voltage of RF ablation are changed from 30V to 100V, with a step of 10V. The whole simulation time is 100 s while the time step is 0.5s to enhance accuracy of temperature.
A. Result analysis when the inserted depth is 2.0cm
The temperature of the sarcoma and healthy muscle will increase with the increasing of ablation time and RF ablation voltage. It is significant to acquire temperature and potential distribution transiently in the tissue to control RF ablation precisely.
Firstly, electric potential distribution of the longitudinal section of the simulation model when the simulation time is 100s and RMS voltage of RF ablation is 60V is shown in Fig. 4 . It is turned out that the shape of equipotential lines is consistent with that of probe. Electric potential difference is the largest in the vicinity of the RF electrode. As a result, energy of RF ablation is mainly concentrated near the probe because the greater of the potential difference, the higher of the temperature. Electric potential distribution of the probe center line, illustrated in Fig. 5 , is deserved to be studied because it is core point of the model. It can be found that the greater of the voltage applied on the RF probe, the bigger of the potential. There is an obvious potential change in the interface between sarcomas and healthy muscle as a result of the difference of conductivity properties. In this interface, potential is reduced to 69% approximately. In other words, 31% of the RF power is consumed in the soft tissue sarcomas. Similarly, voltage step is existed in the surface of the conducting tip and insulated shaft due to the approximate insulativity of insulated shaft. In order to study the temperature distribution of the probe center line, temperature of the probe center line when RF voltage is 60V and ablation time is changed from 0s to 100s with a step of 10s is shown in Fig. 6 . Results illustrate that the temperature of the apex increases with the extension of ablation time. The maximum temperature occurred in the apex of the probe is 622K when ablation time is 100s. The temperature gradient of the upper part of sarcoma is smaller than the lower part due to the whole conducting tip is imposed by RF voltage. In addition, a local maximum temperature point is presented at the interface of the sarcoma and muscle tissue. It is because tissue resistance is varied greatly that more energy is consumed and temperature increases similarly.
Thermal properties of the probe apex are plotted in Fig.  7 to explore the maximum temperature values. Results show that the temperature increases with the ablation time when the RF voltage is fixed. Besides, it will increase with the rising of RF voltage when the ablation time is unchanged. Initially, temperature gradient is quite large. With the increment of ablation time, growth of temperature decreases. Moreover, the temperature increments caused by the variation of voltage is enlarging with the increasing of the applied voltage. Distributions of temperature in the human tissue under different depths of probe inserted into sarcoma and different RF applied voltages are shown in Fig. 8 . The depths are varied from 1.5cm to 2.0cm to 2.5cm while the voltages applied are from 60V to 80V to 100V.
B. Effects of electrode insertion depth on the RF ablation
In this paper, temperature of 323.15K is a border edge to evaluate the efficacy of RF ablation, because sarcoma can be destroyed when temperature is higher than 323.15K while healthy tissue can be recuperated. It can be seen from Fig.  8 that sarcoma necrosis area increased with the higher of the RF ablation voltage when depth inserted into tissue is fixed. Similarly, the area of healthy muscle tissue injured by ablation is also extended. If the RF ablation voltage keeps unchanged, the sarcoma necrosis area will increase with the larger of depth inserted.
Furthermore, it can be concluded that the temperature of the apex of probe drops with the increasing of the depth inserted, as shown in Table II . When voltage applied is 60V, the temperature of the electrode apex is varied from 743.42K to 622.76K to 600.29K while the depth is changed from 1.5cm to 2.0cm to 2.5cm. Therefore, the most critical factors to achieve high efficiency are to control the depth inserted and power radiated optimally. IV. CONCLUSION RF ablation has become a feasible and minimally invasive treatment for soft tissue sarcomas. Model of soft tissue sarcomas was established in this paper based on the shape of gastrointestinal stromal sarcoma. Electric and thermal properties of sarcoma were considered because its thermal sensitivity. Simulation results reveal that the maximum temperature point occurs at the apex of RF probe. The maximum temperature increases with the increasing of RF voltage and the extension of simulation time. In addition, a local maximum temperature point is presented at the interface of the sarcoma and muscle tissue. This phenomenon is meaningful for RF ablation to keep the normal tissue undamaged. Furthermore, growth of temperature at the probe apex decreases with the increment of ablation time. This paper has compared the effects of probe depth inserted into sarcomas on the RF ablation. Results indicate that area of tumor cell necrosis is expanded gradually with the increase of insertion depth. At the same time, area injured on the healthy tissue will become larger too. RF ablation voltage strength has a critical effect on the sarcoma necrosis and damaged areas of normal tissue. The study also found that the temperature of the apex of probe drops with the increasing of the depth inserted, which has a practical guiding significance on the power control of RF ablation.
To achieve desired RF ablation effect, probe insertion depth and RF ablation power must be cooperated with each other. In the future, it is deserved to build the correlation model between the size of soft tissue sarcomas and RF ablation power.
